This study investigates the design of experimental work to be executed for establishing an approximate generalized empirical model for the noise of a ceiling fan on the basis of experimental data and the methodology of engineering experimentation. It includes the design of an experimental setup, the formulation of a generalized empirical databased model, that model's sensitivity analysis, and reliability and optimization for the analysis of ceiling fan noise. The formulation and analysis of the noise model are completely covered in this paper to analyse the impact of various input parameters on the output parameter, i.e. the noise of a ceiling fan.
NOMENCLATURE
Nomenclature is given in Table 1 . 
INTRODUCTION
Fans are used in homes, industries, hospitals, offices, schools, and colleges. Ceiling fans can provide years of comfort and beauty. The first ceiling fans appeared in the early 1860s and 1870s, in the United States, and were designed by Duchess Melissa Rinaldi during her stay in the Rocky Mountains. At that time, they were powered by a stream of running water, in conjunction with a turbine to drive the system. The electrically powered ceiling fan was invented in 1882 by Philip Diehl. Each fan had its own self-contained motor unit, with no need for belt drive.
1 By the 1920s, ceiling fans had become commonplace all over the world, and they had become very popular in rural areas, particularly those with hot climates. Selectiing a fan that coordinates to our style is very difficult due to colour, finish, blade design, size, accessories, noise, air delivery, power consumption, room size, down rod length, speed, lighting, style, and comfort. The basic requirement for human comfort is noiseless ceiling fan in homes, schools, hospitals, and offices with adequate performance. 5 At present, different types of ceiling fans are available that produce noise during the running condition, which gives discomfort and increases energy consumption; therefore, it was decided to analyse the noise of a ceiling fan. For the measurement and estimation of noise, it was necessary to construct a specially-designed setup. Therefore, measuring instruments were selected according to what the desired output required. The instruments measure speed, humidity, temperature, air delivery, noise and energy. After that, the experimentation plan was formed, and a Generalized Empirical data-based model and analysis were done.
CEILING FAN
In summer, it is best to use the ceiling fan in the counterclockwise direction. The airflow produced by the ceiling fan creates a wind-chill effect, making you "feel" cooler. In winter, it is beneficial to reverse the motor and operate the ceiling fan at a low speed in the clockwise direction. This produces a gentle updraft, which forces warm air near the ceiling down into the occupied space. Unlike air conditioners, fans only move air; they do not directly change its temperature. 6 The breeze created by a ceiling fan speeds the evaporation of perspiration on human skin, which makes the body's natural cooling mechanism much more efficient since the fan works directly on the body, rather than by changing the temperature of the air, which helps to improve comfort, but produces noise.
EXPERIMENTAL SETUP
The experimental setup and the variety of ceiling fans used for experimentation are shown in Figs. 1 and 2 . The objective of the experiment was to gather information through experimentation for the formulation of a Generalized Empirical data-based model for noise of a ceiling fan. During the running condition of a ceiling fan, noise, current, voltage, power consumption, air delivery, humidity, and temperature were measured for all input variables. The input variables were ceiling fans, room size, down rod length, regulator knob position, ceiling fan blade parameters, bearing parameters, clamp parameters, field parameters, motor parameters, and the output variable taken was noise.
MEASUREMENT OF NOISE
For the measurement of noise in ceiling fans, an FFT Analyser SVANTEK 958 with 4 channels 7 was used, as shown in Fig. 3 . During experimentation, all input parameters -namely fan, having different numbers of blades, different room volumes, different down rod lengths, different knob positions of regulators, and different values of fan blade parameters, bearing parameters, clamp parameters, field parameters, and mo- tor parameters were varied, and measured the output variable noise.
APPLICATION OF METHODOLOGY OF EXPERIMENTATION TO THE PROPOSED SYSTEM

Design of Experimentation
A number of experiments were conducted to study the effects of various parameters on the noise of ceiling fans. 7 These studies have been undertaken to investigate the effects of various sizes of fan blades, room volume, down rod lengths, and regulator knob position at different values of fan blade parameters, bearing parameters, clamp parameters, field parameters, Table 2 . Experimental Plan
Total Number of reading
and motor parameters on Noise during the running condition of ceiling fans. 15 The output noise was measured and stored in a personal computer for further analysis of experimentation. The experimental plan is shown in Table 2 .
Experimental Approach
A theoretical approach can be adopted in a case if known logic can be applied that correlaes the various independent and dependent parameters, i.e. the input and output parameters of the system. Though qualitatively, the relationships between the dependent and independent parameters are known, based on the available literature, the generalized quantitative relationships are not known sometimes. Hence, formulating the quantitative relationship based on the logic was not possible in the case of complex phenomenon. Because there was no possibility of the formulation of a theoretical model (logic-based), one was left with the only alternative of formulating an experimental data-based model. A field data-base model for the assembly of an electric motor was developed by Tatwawadi. 12 Therefore, it was proposed to formulate such a model in the present investigation. The approach adopted for formulating a generalized experimental model was suggested by Hilbert Schenck, Jr. 2, 12, 13 This is detailed step-wise below:
• Identification of independent, dependent variables
• Reduction of independent variables adopting dimensional analysis
• Test planning comprising of determination of test envelope, test points, test sequence and experimentation plan
• Physical design of an experimental set up
• Execution of experimentation
• Purification of experimentation data
• Formulation of the model
• Model optimization
• Reliability of the model The first six steps mentioned above constitute the design of experimentation. The seventh step constitutes of model formulation, whereas the eighth and ninth steps are respectively the optimization and reliability of the model.
Identification of Variables
The term 'variables' is used in a very general sense to apply to any physical quantity that undergoes change. If a physical quantity can be changed independent of the other quantities, then it is an 'independent' variable. If a physical quantity changes in response to the variation of one or more independent variables, then it is referred to as a 'dependent' or 'response' variable. If a physical quantity that affects our test is changing in a random and uncontrolled manner, then it is called an 'extraneous' variable. 2 The variables affecting the effectiveness of the phenomenon under consideration are shown in Table 1 . The dependent or the response variables in the case of the ceiling fan was noise.
Reduction of Independent Variables / Dimensional Analysis
Deducing the dimensional equation for a phenomenon reduced the number of independent variables in the experiments. The exact mathematical form of this dimensional equation was the targeted model. This was achieved by applying Buckingham's π theorem.
3, 16 When we apply this theorem to a system involving n independent variables (n minus the number of primary dimensions, namely L, M, T, etc.) i.e. (n−3), numbers of π terms were formed. When n is large, even by applying this theorem, the number of π terms will not be reduced more significantly than the number of all independent variables. Thus, much reduction in the number of variables was not achieved. It is evident that if we take the product of the dimensionless terms, it will also be dimensionless number. This property was used to achieve further reduction of the number of independent π terms, as shown below:
(See Eq. (2) on top of the next page.)
Test Planning
This stage comprises deciding on a test envelope, test points, a test sequence, and an experimentation plan for a deduced set of dimensional equations.
Model Formulation
It was necessary to quantitatively correlate various independent and dependent terms involved in this very complex phenomenon. 3 This correlation is nothing but a Generalized Empirical data-based model as a design tool for such a situation. The Generalized Empirical data-based model for noise is given in Eq. (7) (see the next page).
SENSITIVITY ANALYSIS
The influence of the various independent π terms was studied by analysing the indices of the various π terms in the models as shown in Figs. 4 and 5 . Through the technique of sensitivity analysis, the change in the value of a dependent π term due to an introduced change in the value of the individual π term was evaluated. 4 In this case, a change of ± 10% was introduced in the individual independent π term independently (one at a time). Thus, the total range of the introduced change was ± 20%. The effect of this introduced change on the change in the value of the dependent π term was evaluated. The average values of the change in the dependent π term were due to the introduced change of π 10% in each independent π term. This defines sensitivity. The total percentage of change in output for ± 10% change in input is shown in Table 3 , and indices are shown in Table 4 . 
ESTIMATION OF LIMITING VALUES OF RESPONSE VARIABLES
The final intention of this work was not simply developing the models but to find out the best set of variables, which will result in the maximization or minimization of the response variables. In this section, an attempt was made to find out the limiting values of the response variables. To achieve this, limiting values of the independent π terms, namely Π 1 , Π 2 , Π 3 , Π 4 , Π 5 , and Π 6 were put in the respective models. In the process of maximization, the maximum value of the independent π term was substituted in the model if the index of the term was positive, and the minimum value was put in if the index of the term was negative. In the process of minimization, the minimum value of the independent π term was put in the model if the index of the term was positive, and the maximum value was put in if the index of the term was negative. The limiting values of these response variables were computed for noise, as shown in Table 5 .
RELIABILITY OF MODEL
The reliability of the model was established using the relation Reliability = 100 -% mean error, and mean error = xi.f i xi ; where xi is percentage of error, and f i is the frequency of occurrence. 8 System Reliability (Rp) is given by the relation = Π
where Ri is the reliability of the individual model. Therefore, the total reliability of noise is equal to 1-[(1-0.96303105)] = 0.96303105 = 96.303105 %.
MODEL OPTIMIZATION
The ultimate objective was the maximization or minimization of the objective functions. 9 The model corresponded to the noise of the ceiling fan. The objective functions for noise needed to be minimized. The model had nonlinear form; therefore, it needed to be converted into a linear form for the purpose of optimization. This was achieved by taking the log of both the sides of the model. The linear programming technique was applied, which is detailed as below for noise.
Taking the log of both the sides of Eq. (7), we get 
Subject to the constraints presented in Eq. (11) (see the top of the next page). On solving the above problem by using MS solver, we got values of X 1 , X 2 , X 3 , X 4 , X 5 , X 6 , and Z. Thus, ΠD 1 min = Antilog of Z, and corresponding to this value of the ΠD 1 min, the values of the independent π terms were obtained by taking the antilog of X 1 , X 2 , X 3 , X 4 , X 5 , X 6 , and Z. Thus, we optimized the model, and the optimized values of ΠD 1 min, are shown in Table 6 . Table 7 . Sequence of influence of independent π terms on dependent π terms.
Dependent Pi terms Sequence of independent pi terms according to intensity of influence Noise: 
RESULTS AND DISCUSSION
The indices of the model are indicates of how the phenomenon is affected because of the interaction of various independent terms in the models. The sequence of influence of the indices of the various independent terms on dependent term is shown in Table 6 . The following primary conclusions appear to be justified from the above model:
• The absolute index 0.2654 of Π 4 is the highest index of ΠD 1 . The factor Π 4 is related to the number of nuts and bolts, the number of washers, and the number of screws, and it is the most influential term in this model. The value of this index is positive, indicating the involvement of the number of nuts and bolts, the number of washers and the number of screws has a strong impact on ΠD 1 .
• The absolute index 0.0084 of Π 5 is the lowest positive index of ΠD 1 . The factor Π 5 is related to field parameters, and is the least influential term in this model. The low value of the absolute index indicates that the factor field parameter need improvement.
• The indices of the dependent terms are shown in Table 3 . The negative indices indicate the need for improvement. The negative indices of Π 2 (bearing parameters) and Π 3 (clamp parameters) are inversely varying with respect to ΠD 1 .
• The constant (K) represents the effect of extraneous (un- controllable) variables on the phenomenon under investigation, i.e. the effect on ceiling fan noise.
• The sensitivity of the input parameters with respective to the noise of the ceiling fan are shown in Table 1 .
It is observed that the phenomenon of noise in ceiling fans was very complex because of the variation in the number of variables affecting the phenomenon. The noise responses of the experimental results and DA model results are plotted in the MATLAB, as shown in Fig 6. Both the results overlap each other, which shows that the results obtained by experiment are in close agreement with the results obtained by DA models. The correlation coefficient, root mean square, and reliability are calculated as 0.990176%, 0.07942%, and 95.6978964 %.
Hence, it is clear that the generalized empirical experimental data-based model developed for the noise of a ceiling fan completely represents the phenomenon under investigation. It indicates the validity of the developed model.
CONCLUSION
In the present investigation all independent parameters were worked out for the analysis of the noise in ceiling fans. From the analysis, it seems that the developed model can be successfully used for the computation of dependent terms for a given set of independent terms. Indian industries can use the data for the calculation of noise in ceiling fans. From this study, it can be observed that there is a need for modification in the existing experimental setup. The authors proposed the modified ceiling fan setup by using the piezoelectric technique to reduce the noise.
